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1 Introduction
In the last meeting the WF [1] was approved encouraging companies to study the possibilities of assigning prioritization for the NR mm wave BS requirements.

During the meeting both the priority of individual RF requirements and also the meaning of the prioritization was discussed.

Our views are further expanded in this paper.
2 Discussion

2.1 Background

Early versions of the WF which were circulated during the meeting attempted to define priorities and  assign them to each of the RF requirements, these were not agreed but as as a useful starting point for discussion.

Definition for priority 1 and priority 2 was attempted as below:

· Two priorities are identified for requirements for mm wave
· Priority 1: Priority 1 requirements will be addressed first during the Rel-15 WI phase as they form an essential minimum set of requirements
· Priority 2: Priority 2 requirements will be addressed once priority 1 requirements are solved. It is possible that priority 2 requirements will be completed in a later release than Rel-15.
Separate tables for the transmitter and receiver were produced:
	Requirement category 
	Priority 
	Reason for priority 

	Channel numbers 
	
	

	EIRP accuracy   
	
	

	Unwanted emissions 
	
	

	Transmit inter-mod 
	
	

	Signal quality 
	
	

	Transmitter dynamics 
	
	

	Transmitter ON/OFF power & time 
	
	

	Beam domain 
	
	


Table 1. Transmitter BS RF parameters priority table

	Requirement category 
	Priority 
	Reason for priority 

	Receiver sensitivity 
	
	

	Receiver blocking 
  
	
	

	Receiver intermodulation 
	
	

	Receiver dynamics 
	
	

	Receiver spurious emission 
	
	

	Receiver in-channel  selectivity 
	
	

	Receiver performance 
	
	


Table 2. Receiver BS RF parameters priority table
2.2 Priority Definition
It is important to highlight that the prioritization being suggested here is not just part of the planning to ensure that requirements are dealt with in a timely manner but it is suggesting that some requirements will be omitted from the 1st release of the NR specification.

Priority 2 requirements are being classified as non-essential and may not make the 1st release.

Whilst this seems a good goal in terms of ensuring a timely release of the NR requirements, it raises the question if the requirements are not essential then why do they need to be included at all?

One problem with omitting requirements is that it risks leaving the equipment manufacturers with unknown design parameters, in such a situation then parameters will be decided independently, if the decisions taken are different between different manufacturers then the results may not be discovered until networks are deployed. The purpose of the RF requirements is to ensure that systems offer a minimum level of performance for your own network as well as protection both to and from other networks (both inside your own band and outside). If parameters are omitted then there is a danger that networks interfere with each other more than intended.
Considering the expense of deigning, manufacturing and approving a new radio, it seems very risky to do this with a partial set of requirements. 

2.3 Requirements

As stated it seems very risky have an official release of the RF requirements which is not complete. However it is worth examining each of the requirements to identify if they are essential or not.

2.3.1 EIRP accuracy

This is the most basic requirement for both controlling output power and also ensuring beam forming is being done correctly. It ensures both amplitude and phase accuracy of each of the transmitters. Accuracy of the EIRP is essential for network planning

This cannot be omitted
2.3.2 Unwanted emissions 

In-band emissions in terms of ACLR and emissions mask requirements are essential to ensure network co-existence performance.

 Out of band spurious emission are a regulatory requirement.
Unwanted emissions requirement cannot be omitted
2.3.3  Transmitter intermodulation
This is one requirement which has been discussed as a potential priority 2. 

Transmitter intermodulation requirements are currently based on co-location scenarios, so it could be considered that for early networks few systems will exist so the chance of co-location is small. However site consolidation is more important tan ever, intermodulation requirements cover both in-band interferers and out of band interferers, even if new NR systems are less likely the out of band interference from legacy systems is very likely so should perhaps be considered.

 For in-band interference although the current requirements are based on co-location scenarios, even if co-location does not exists there is likely to still be a requirement (albeit easier) for co-existence with other systems in the same band. The systems may not be at eth same site bit may be close enough to interfere.

Also it should be considered what there is to gain by omitting this requirement? The pass/fail criteria is the unwanted emissions, these have already been agreed as priority 1. The remaining task is to define the level of the interferer and how it is applied, the OTA aspect of the requirement will be studied for <6GHz in eAAS, it would seem likely a similar approach could be used as the co-location issues are based on physical parameters.

The reward for omitting this requirement is hence small and the risk of omitting it is not large but exists. 
At this stage it could be considered for priority 2 but it could not be agreed yet, the problem with this is of course that proving that it is not needed may be more work that just deriving the requirement.

2.3.4 Signal quality

EVM or an equivalent signal modulation quality requirement is needed to ensure acceptable throughput can be met in the network and that the transmitter is not adding excessive distortion.

Frequency error is a mandatory requirement in most cases (and is trivial to measure if EVM is being measured).

TAE is currently required to ensure timing stability between different transmitters, if the AAS is a correlated system which forms beams then the requirements for phase and time accuracy needed to form a beam are orders of magnitude greater than the TAE requirements. However some proposes NR architectures have separate antenna panels, if there is the chance that these panels are operated in a non-coherent fashion then a TAE requirement between then will still be required.

The difficulty part of OTA TAE is being able to separate the signals in order to measure the time difference between them. With conducted systems the signals are on different connectors and hence always separate, once radiated the test receiver must be capable of separating them. This problem however exists <6GHz and is unlikely to be harder for NR than for the eAAS work.
More needs to be known about the modulation and MIMO requirements for >6GHZ NR before  firm decision can be made on TAE but it is premature to disregard it at this stage.

2.3.5 Transmitter dynamics

These requirements exist for UTRA and E-UTRA , or the most part they check that channels within the modulated signal have sufficient dynamic range and accuracy. In most cases these are considered somewhat historical as they are checking that there are sufficient bits in the BB and the converters so that quantization error does not become an issue at low signal levels. Modern wide band multi-carrier systems tend to use converters which offer performance in excess of that required to meet the dynamic power accuracy requirements, hence the requirements can be considered low priority with little risk.

2.3.6 Transmitter ON/OFF power

This is essential for a TDD system. For a OTA test however the requirements which are derived on deafening your own receiver may not be required as the effect will be obvious when doing a sensitivity test. Requirements derived from deafening other systems however are essential.
2.3.7 Beam domain requirements

Beam domain or spatial requirements have been discussed in [2], EIRP accuracy of course can be considered a beam domain requirement, and this at least is essential. Other bema requirements are TBD and as such cannot be reprioritized at this time.

2.3.8 Receiver sensitivity

This is needed to ensure minimum level of performance of the receiver in the network. It I also used as a reference for interference requirements. It cannot be omitted.

2.3.9 Receiver Blocking

Blocking ensures that the receiver can co-exist with other networks, this requirement cannot be omitted.
2.3.10 Receiver intermodulation
Similar to the blocking requirement, intermodulation ensures co-existence performance. It is possible for NR >6GHz with UE beam forming and also very large channel beam widths that IMD is less relevant than blocking. However this needs to be studied and the requirement cannot be reprioritized at this time.

2.3.11 Receiver dynamics

Checks the dynamic range of the receiver – this is an important parameter, sensitivity check the small signal and there the large signal performance is checked. This cannot be omitted.

2.3.12 Receiver spurious emissions

It is likely for OTA this will be the same requirement as Tx spurious emissions, however it is regulatory and hence essential.

2.3.13 Receiver in-channel selectivity

Checks the receiver performance inside the wanted channel – again an essential receiver parameter and cannot be omitted.
2.3.14 Receiver Performance

Performance requirements already form part of the conformance work rather than the core and hence more time is available to derive them. Performance requirements in most part are checking the BB algorithms rather than the RF and also do not form part of the harmonized standard. Whilst it is good to have performance requirements it is not essential to have a full set of performance requirements in the 1st release.

3 Summary
Each of the RF parameters has been discussed with a view to potentially de-prioritizing some requirements so they are not part of the 1st NR release. 
Having studied each of the RF parameters it is found that there are very few parameters which we can easily de-prioritize. There are 2 potential transmitter requirements; Tx IMD and TAE, which could be considered, however it seems that the effort of showing that these requirements are not important is perhaps equal to the effort in generating the requirements so little effort is really saved.

The receiver performance requirements are one requirement where de-prioritization can be applied, however in reality these requirements are already treated differently; they are conformance not core, they are not in the harmonized standard, and they are worked on in RAN4 by a different group of delegates. So we may reprioritize them by the definitions in this paper (i.e. not essential for REL15) but it seems unlikely to change the work being done in RAN4.
If the conclusion of this exercise is that all requirements are priority 1, then it seems prioritization is not really possible and we should continue attempting to derive a full set of RF requirements.

It should be noted that prioritization within the WI is a different issue, it of course makes sense to work on some requirements before others.
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